Introduction
Bing & Poulsen [ I ] discovered that in mice aggressive behaviour provokes a vast increase in plasma renin concentration, reaching 600-fold that of normal. Most of this increase was found to be due to release of renin from the submaxillary glands, which in mice contain huge amounts of renin [2] . The rest was initially thought to originate from the kidneys. However, in another paper it was demonstrated that in male mice without kidneys and submaxillary glands, fighting provoked a vast increase in plasma renin. Plasma renin concentrations as high as 0.8 Goldblatt unit (G.U.)/ml were seen corresponding to a 260-fold increase [31. So far the source of the renin released by aggression in mice without kidneys and submaxillary glands has not been determined.
The aim of the present work is to characterize this extrarenal-extrasubmaxillary renin with respect to molecular weight, enzymatic and immunological properties to establish its identity as renin.
Methods

Animals
These were male albino mice of the Danish Serum Institute strain, weighing 35-59 g. They were individually housed for at least 30 days 131. Submaxillary and sublingual sialo-adenectomy was performed at least 10 days and nephrectomy 24 h before the start of the experiments. The operations were performed with pentobarbital sodium (120 mg/kg) anaesthesia after pretreatment with penicillin.
Aggression
This was provoked by grouping for 15-20 min of previously isolated mice in a small cage as described by Valzelli [41. One sialoadenectomized and nephrectomized mouse was grouped with one or two non-operated mice.
Blood
This was obtained by inserting a catheter in the carotid artery, with pentobarbital (120 mg/kg) anaesthesia. Blood was collected in ethylenediaminetetra-acetate (EDTA, 10 mmol/l; Merck, Darmstadt, Germany) and immediately centrifuged. Plasma was used immediately or kept at -20°C in small samples.
Antiserum
Antiserum against pure submaxillary mouse renin was elicited in rabbits as described previously [51.
Enzyme inhibitors
Metalloproteinases were inhibited with EDTA (10 mmol/l). Serine proteinases were inhibited with phenylmethylsulphonyl fluoride (10 mmol/ 1; Merck). Thiol proteinases were inhibited with N-ethylmaleimide (10 mmol/l; Sigma, St Louis, MO, U.S.A.). Acid proteinases were inhibited by pepstatin (90 pmol/l; a kind gift from Dr Umezawa, Japan).
Gel filtration
This was performed on Ultrogel ACA 44 (LKB, 1.5 cm x 100 cm). Samples of plasma (2-800 pl) were applied. The column was equilibrated with sodium phosphate buffer [O-0 1 mol/l, pH 7.5, containing sodium chloride (0-1 mol/l)l. Sodium azide (3 mmol/l) was used as an antimicrobial agent. The flow rate was 8 ml/h and fractions of 2 ml were collected. The column was standardized with bovine immunoglobulin G (IgG), bovine albumin (both Behringswerke, Marburg), ovalbumin, bovine chymotrypsinogen A (both Sigma), horse heart cytochrome c (Boehringer, Mannheim) and sodium chloride solution (0.1 mol/l). The fractions were measured for protein, immunologically reactive renin and enzymically active renin before and after limited pepsin and trypsin proteolysis as described below.
Crossed immunoelectrophoresis
Five to 25 pl of submaxillary gland extract [61 or mouse plasma was applied to electrophoresis in 1.5% (w/v) agarose gel [agarose A 45 (L'Industrie Biologique, FranGaise) dissolved in Tris/HCl (15 mmol/l), barbitone buffer (4 mmol/ 1) with sodium azide (0.4 mmol/l), pH 7.51 at 8 V/cm for 2 h. The agarose plate was 10 cm x 3 cm x 0.2 cm. After electrophoresis in the first dimension, a new gel, containing an antiserum directed against pure submaxillary renin, was melted on top of the gel (10 cm x 7 cm x 0.2 cm) and the second dimension in crossed immunoelectrophoresis was performed at 2 V/cm for 18 h [71.
Enzymically active renin
This was determined by the antibody-trapping method [8] , in which angiotensin I formed by renin's catalytic activity at a high constant renin substrate concentration was trapped, protected and measured by an antibody in a radioimmunological technique. Values of K , were determined as described previously [81.
Direct radioimmunoassay of renin
The assay was performed as described previously by using pure 1251-labelled submaxillary mouse renin and specific antirenin antibodies which cross-react with kidney and highmolecular-weight forms of renin [9] . [I01 previously [61. This was performed on the eluates as described
Limited pepsin proteolysis
Limited trypsin proteolysis [ I I]
This was performed on the eluates by incubation for 1 h at 4OC or 3 min at 37OC (with 222 units of trypsin/mg; TPCK, Worthington, New Jersey, U.S.A.) in concentrations between 10 and 500 pglml. The reaction was stopped by soya bean trypsin inhibitor (Sigma, St Louis).
Results
When mice without kidneys and submaxillary glands were fighting, their plasma renin concentrations always rose to very high values, reaching 600-fold that of normal [ 11.
In the present paper plasma samples from three mice before and four mice after aggression were characterized independently with respect to gel filtration, enzymatic and immunological properties. Their plasma renin concentrations rose from 0.52 (range 0.15-0.8) x G.U./ml (n = 3) (controls) to 430 (range 300-500) x G.U./ml ( n = 4), when measured by the antibodytrapping assay for enzymatic renin activity. The plasma renin concentration was also measured by the direct radioimmunoassay for renin, which measures renin whether enzymatically active or not. The values rose from 45 to 1400 ng/ml after the fighting.
GelPltration
When plasma from sialo-adenectomized and nephrectomized control mice, which had not been fighting, was subjected to gel filtration the elution profile was as shown in Fig. l ( a ) (n = 3) . Very low or undetectable concentrations of 40 000-mol.wt. renin were demonstrable. The 70000-and 800 000-mol.wt. forms of renin were present in low and variable amounts, as described previously [91, when measured by the direct renin assay.
When plasma from sialo-adenectomized and nephrectomized aggressive male mice was subjected to gel filtration the result was very different (Fig. lb, n = 4) . A huge peak of enzymatically active renin with an apparent molecular weight of 33 000 was seen, but the high-molecular-weight form of renin was still found in low variable amounts. An apparent molecular weight of 33 000 was also found for the fully enzymatically active 40 000-mol.wt. renin from normal mouse plasma, when chromatographed on Ultrogel (Fig.  lc) . The term '40000 renin' originates from its apparent molecular weight on Sephadex G-100 [91 and this terminology is maintained. The huge peak of 40 000-mol.wt. renin in Fig. l(b) was measurable in both the enzymatic and the direct renin assay. Plasma from normal mice (n = 5) as well as normal fighting mice (n = 3) exhibited the same elution profile as in Fig. l(b) , with the same molecular weight.
Enzymatic characterization
The specific enzymatic activity, that is Goldblatt unit (G.U.)/pg of renin measured in the direct assay, was 0.32 G.U./pg (range 0.12-0-54, n = 4) for the peak value of 40 000-mol.wt. renin in Fig. l(b) . This is similar to 0.35 G.U./pg (range 0.27-0.35, n = 3) found for the 40 000-mol. wt. form in normal mouse plasma (Fig. lc) and also determined previously [91. The specific enzymatic activity of the 40 000-mol.wt. form of renin in normal fighting mice was also the same (0.36 G.U./pg range 0-27-0.5, n = 3). Pure mouse submaxillary renin has 0.41 G.U./pg [91.
The 40 000-mol.wt. renin from aggressive sialo-adenectomized and nephrectomized mice generated angiotensin I with renin substrate and the K, was 1.2 pmol/l (n = 2), similar to 1.1 pmol/l (n = 2) for pure submaxillary renin, and 1.5 pmol/l (n = 3) for that of 40000-mol.wt.
renin from normal fighting mouse plasma.
The aggression-provoked renin from sialoadenectomized and nephrectomized mice was, as renal and submaxillary renin, not inhibited by EDTA, phenylmethanesulphonyl fluoride or Nethylmaleimide, but was inhibited completely by pepstatin, indicating that it is an aspartate proteinase (acidic proteinase). It was also inhibited completely by antibodies elicited against pure submaxillary mouse renin.
No inactive renin was demonstrable by limited proteolysis of the eluates in Fig. 1 with various concentrations of trypsin or pepsin.
Immunological characterization
The 40 000-mol.wt. renin from aggressive sialo-adenectomized and nephrectomized mice was measurable in the direct renin assay by a specific antibody elicited against pure submaxillary renin. The profile of the peak paralleled that of enzymatically active renin (Fig. lb) .
The aggression-provoked renin from sialoadenectomized and nephrectomized mice also paralleled pure submaxillary renin when used in serial dilutions in the direct radioimmunoassay.
Three repetitive fightings of sialo-adenectomized and nephrectomized mice were used to provoke very high plasma renin concentrations [31. Plasma from such animals was used to compare the aggression-provoked renin with that of pure submaxillary renin with respect to electrophoretic mobility and common antigenic determinants. In Fig. 2(b) plasma from a threetimes fighting sialo-adenectomized and nephrectomized mouse was subjected to two-dimensional electrophoresis, against a specific anti-renin antibody elicited against pure submaxillary renin in the second direction. One precipitation line is seen, indicating that the aggression-provoked renin cross-reacted with the specific anti-renin. In Fig. 2(u) an extract of a renin containing submaxillary gland is treated the same way. The same position of the peaks in Fig. 2(a, b) demonstrates that they have the same electrophoretic mobility. In Fig. 2(c) the samples from Fig. 2(a, b) are electrophoresed in the same lane, one slightly after the other. The confluence of the lines demonstrates complete antigenic identity between aggression-provoked plasma renin from sialoadenectomized and nephrectomized mice and submaxillary mouse renin. Discussion when compared with normal mouse plasma renin Aggression-provoked renin from sialoand pure submaxillary mouse renin. The adenectomized and nephrectomized male mice molecular weight and electrophoretic mobility are fulfils all the criteria so far studied for being renin, the same. It generates angiotensin I with renin substrate and K, is the same. It is neutralized by pepstatin but not by inhibitors of metallo-, thiol and serine proteinases, indicating that it is an aspartate proteinase (acidic proteinase). It is not found in an inactive form and its specific enzymatic activity is identical with normal plasma renin.
Not only the enzymatic but also the immunological criteria are fulfilled. Its enzymatic activity is neutralized by a specific antibody against pure submaxillary renin. It is measurable in the direct .renin assay with a dilution curve which parallels that of the standards. It demonstrates complete antigenic identity with pure submaxillary renin in crossed immunoelectrophoresis. This is the first time we have been able to see immunoprecipitates of plasma renin, because of the vast increase in plasma renin concentration.
The increase in plasma renin measured in the direct radioimmunoassay was only 30-fold because of the presence of high-molecular-weight, almost inactive, renin in plasma before the aggression. The origin of these high-molecularweight forms are also unknown, but they might be 40000-mol.wt. renin bound to plasma proteinase inhibitors [ 
121.
The results show clearly that there was a real increase in the number of 40 000-mol.wt. renin molecules, which had full enzymatic activity. They are also active in vivo, since the concentration of renin substrate decreases markedly [l] . The direct radioimmunoassay of renin has been of great value in determining real concentrations of renin, since it reacts with the renin molecule whether enzymatically active or not.
An important question is the origin of aggression-provoked renin. Since both the kidneys and the submaxillary glands are removed these organs are ruled out. Bing et al. [ 131 demonstrated small amounts of renin also in the sublingual glands, so these were also removed. The third major storage organ is the uterus [14], but we used male mice; female mice do not fight. Only small amounts of renin were present in other organs of the mouse, e.g. liver, spleen, heart, mesentery, striated muscle and lung tissue [31.
The evidence for persistent vascular renin activity in nephrectomized rats 1151 makes it possible that the vessels found throughout the body might be the source from where the renin is released.
Renin is also present in the brain of mice [161 and may be released during the intense activity of the central nervous system characteristic of fierce fighting. However, the concentration is low (K. Poulsen & E. B. Pedersen, unpublished work) .
It might also be speculated that the active renin could be liberated from an inactive precursor or a binding protein already present in plasma or tissue. The literature on inactive renin has been reviewed by Leckie [171. The present data, however, do not support this, since the high-molecular-weight forms of renin are present also after aggression and their presence in both non-aggressive and aggressive mice is so variable.
